This study analyzes the impact of ethnic-based residential segregation on income and education outcomes in Bolivian cities. Three results stand out in the analysis. First, we find significant and negative segregation effects on income generation in both across-city and intra-city comparisons. Second, we find individual and neighborhood-level interactions between ethnicity and segregation to be significantly and negatively correlated with income and schooling attainment. Finally, we find positive social capital effects for recent migrants and young workers and negative human capital effects for non-migrants and older workers. We attempt to control for selection biases with three instruments for residential segregation. We also include potential intergenerational determinants of income and schooling through expanded measures of parental human and social capital.
Introduction
Rapid demographic growth and urbanization are changing Bolivia's poverty profile.
Between 1992 and 2000, an estimated 1.7 million people moved from rural to urban areas, causing the number of poor households living in urban areas to exceed that in rural areas.
1
A side-effect of rapid urbanization, often neglected by current research on poverty in Bolivia, is a measurable increase in residential segregation by income, ethnicity and other social and cultural identifiers.
2 Neighborhoods that link first and second-generation migrants though economic as well as cultural ties also increase pressure on available labor markets, housing, and other public services.
Qualitative evidence on rural-to-urban migration in La Paz and El Alto suggests that, like middle-class residential segregation, much of the new segregation is selfselected (see Albó, 1998; Sandóval 1996) . Migrants seek out neighborhoods and social networks established by relatives and peers. Established networks are then used to get a foothold in formal and informal labor markets. Although qualitative studies largely skirt identification issues, they do raise concerns regarding current analyses of urban poverty in Bolivia. By describing the social context of demographic change, they point to neighborhood effects, both positive and negative, on income generation, labor and educational achievement. Beyond the disadvantages of interpersonal discrimination, residential segregation poses a secondary tier of potential social exclusion.
This study attempts to measure the impact of residential segregation on the opportunities and resources of the poor. We focus on three questions. First, we consider the across-city effects of residential segregation on an array of outcomes using a nationally representative MECOVI 1999 household survey. We proxy residential segregation with alternative measures of residential sorting, measuring the ratio of indigenous residents in each neighborhood to the overall proportion of indigenous residents in a given city. Second, we consider the impact of intra-city residential segregation on income and educational attainment, using a new survey covering 800 households and 43 neighborhoods of La Paz and El Alto. In both cases, we address potential self-selection problems by instrumenting for segregation with historical, demographic and geographic proxies. We also address potential omitted variable biases by including intergenerational controls on paternal migration, human and social capital.
Third, we consider mechanisms that might explain the effects of residential segregation on selected outcomes. In theory, residential segregation could have a positive or negative effect on an array of outcomes. We posit positive social capital effects related to extended access to informal labor and credit markets, and negative human capital and labor market effects, accruing from intergenerational and public goods externalities in segregated neighborhoods. The recent literature on neighborhood and peer group effects considers an array of hypotheses concerning the analysis of urban decline and renewal in the United States (Case and Katz, 1991; Borjas, 1995; Cutler and Glaeser, 1997; Glaeser, Kahn and Rappaport, 2000; Borjas, 1997) . We select key hypotheses from the literature and add additional questions that might be relevant to the analysis of residential segregation in Latin America.
Finally, we consider the policy and research implications of residential segregation. On the research side, we hope to provide an accurate measurement of the effects and dynamics of residential segregation that corrects for biases emerging from omitted variables and self-selection. Such a focus aims to make an original contribution to the Bolivian literature on poverty and exclusion, complementing studies of segregation conducted from a sociological and anthropological perspective. On the policy side we hope to provide a policy handle to the assessment of urban poverty and exclusion. While ethnic and class segregation are likely to affect multiple channels of access to economic resources and opportunities, residential segregation might be particularly amenable to policy intervention through urban development, planning and schooling policies.
Analytical Framework
A growing literature on urban poverty provides a basic analytical framework to assess the effects of residential segregation on income, labor and educational achievement outcomes (see Borjas, 1997; Cutler and Glaeser, 1997; Glaeser, Kahn and Rappaport, 2000) . Two types of questions have been considered in recent empirical work. The first set of studies focuses on estimating the marginal effect of ethnicity-based residential segregation on an array of outcomes (see Holzer, 1991; Kain, 1992) . Most studies use intra-city comparisons that consider whether minorities living in predominantly minority neighborhoods have worse outcomes than those who live in mixed neighborhoods. A serious identification problem hinders intra-city comparisons. To the extent that residence is self-selected, any direct measure of segregation is likely to be biased. Instruments correlated with segregation but unrelated to outcomes are required to disentangle dual causality.
The second question considered by recent work is whether outcomes for minorities as a whole are better or worse in cities that are more racially segregated compared with cities that are less segregated (Cutler and Glaeser, 1997; Glaeser, Kahn and Rappaport, 2000) . This approach avoids intra-city selection problems, but faces other problems linked to the potential for reverse causality-where poor outcomes lead to increased segregation-and the potential bias from sorting of more or less successful minorities across a city. As with intra-city comparisons, across-city comparisons require instruments to address selection problems. In this study we focus on both intra-city and across-city comparisons of residential segregation by collecting new data that correct for potential self-selection and omitted variable biases.
Basic Model
We begin with a spatial equilibrium model developed by Cutler and Glaeser (1997) to analyze the effects of residential segregation across and within cities. The Cutler-Glaeser model, adapted to the analysis of segregation in Bolivian cities takes the form:
(1) Outcome = X'β + β 1 segregation + β 2 segregation*indigenous + e
Where outcomes are measured at the individual level, X'β represents an array of individual and household controls, and segregation is a neighborhood measure of the separation of ethnic groups. The coefficient β 1 measures the effect of segregation on nonindigenous, and β 2 is the differential effect for indigenous relative to non-indigenous.
We measure segregation at the level of census section tracts, contiguous groups of households settled in an area equivalent to 8-10 city blocks. Indexing tracts by i, we define residential segregation within a city as:
Where indigenous i is the number of people speaking an indigenous language (Aymara, Quechua or other) in tract i, and indigenous is the total number of indigenous-speaking people in each city. If indigenous-speaking residents are evenly distributed throughout metropolitan areas, the term in absolute value brackets will be zero for each census tract and zero for the metropolitan area as a whole. If indigenous and non-indigenous speakers never reside in the same census tract, the measure of residential segregation will be one.
This measure estimates the share of the indigenous population that would need to change census tracks to even the spatial distribution of ethnic groups within a metropolitan area.
Addressing Self-Selection Bias
The Cutler-Glaeser model requires three adjustments to account for self-selection, omitted variable bias and mobility across neighborhoods. The first adjustment concerns self-selection bias. Residential segregation might be the result rather than the cause of poor economic outcomes. In this case, successful indigenous-speaking residents will choose to live in richer and non-indigenous neighborhoods, rather than settle randomly.
We propose to instrument for segregation with three sets of variables. The first instrument uses historical data on residential settlements 25 years ago. While historical segregation is likely to be partially correlated to income-based selection, we are interested in testing whether pre-migration settlement patterns vary systematically from post-migration settlements that today make up half of the population in capital cities. The second instrument uses information on residential sorting before and after a droughtinduced migratory shock. The residential sorting of rural migrants from the [1982] [1983] [1984] [1985] highland drought tends to be evenly distributed among high and low-income neighborhoods. The third instrument uses historical figures for population density to approximate geographic features that account for natural occurrences of segregation in the cities of La Paz and El Alto-neighborhoods separated by geographic fault lines, rivers and gorges.
Addressing Omitted Variable Bias
The second adjustment leads to a reformulated model controlling for omitted parental and community characteristics correlated with segregation. In this case, the measure of success for indigenous-speaking residents might overstate the effect of individual-level characteristics. We propose to introduce questions on parental and community-level human and social capital to avert this bias. Omitted variables that account for intergenerational and peer advantages and disadvantages are likely to play a key role in explaining proposed segregation effects.
Controlling for Geographic Mobility
A third adjustment concerns intra-city mobility. If we assume mobility, then even if segregation does lead to poor outcomes, intra-city comparisons may not pick up the negative effect. With intra-city mobility we expect outcomes for similar people to be the same regardless of place of residence. One way to control for mobility is to contrast young age cohorts, who presumably have not made their residential decision yet, with older ones. Another is to control for migrant versus non-migrant households. We propose to control for both age cohorts and migration in our intra-city analysis.
Key Hypotheses
In theory, residential segregation might lead to positive or negative effects on an array of outcomes. Recent research on peer and neighborhood effects suggests that the mechanisms that link segregation to outcomes might include human capital, social capital and ethnic capital externalities. In this section we posit a set of positive-and negativeeffect hypotheses that might explain observed outcomes. We consider positive social capital and political effects and negative human capital and public goods effects.
Positive Effects
Recent economic and sociological work on social capital (Glaeser, Laibson and Sacerdote, 2000; Alesina and LaFerrara, 2000; Portes, 1998; Portes and Landolt, 2000) , is converging toward individual-based models of social capital formation. The new approach contrasts with the earlier wave of group-based research led by James Coleman (Coleman 1988; 1990) and Robert Putnam (Putnam 1993; Putnam 2000) which focused on networks and communities. Two consequences of the shift are a more careful account of causality and clearer linkages with household and individual decision-making models.
Among positive social capital effects, we identify three transmission mechanisms that link residential segregation and individual-level outcomes. First, we posit positive intergenerational effects accruing from parental social capital, in the form of expanded social networks and access to an array of intergenerational "weak ties." Parental social capital is likely to be most valuable for second or third-generation migrants who have cultivated a network of neighborhood and extra-neighborhood contacts. Labor, credit and political ties are mobilized by neighborhood contacts.
Second we posit income and labor effects accruing from individual membership in local groups, associations and networks. Personal membership captures unobserved characteristics that proxy for mobility, thrift and outward-orientation. Not all membership affiliations will be outward-looking however. We propose to discriminate between outward and inward-riented groups to capture positive "weak tie" effects rather than potentially negative "strong tie" effects. Sports, political and labor affiliations might 
Negative Effects
The recent literature on urban poverty (Borjas, 1995; Borjas, 1997; Cutler and Glaeser, 1997; Glaeser, Kahn and Rappaport, 2000) suggests a number of negative effects through peer or neighborhood interactions. Places of residence are important arenas for learning valuable individual and social skills. Residential segregation tends to restrict the social and labor interactions to restricted pools of human capital and public goods.
We identify two main negative transmission mechanisms. First, we posit negative peer and intergenerational human capital effects from residential segregation. Human capital endowments among poor and first or second-generation rural migrants are likely to be significantly lower than in non-segregated neighborhoods. The spatial mismatch between indigenous and non-indigenous neighborhoods hurts both present and future outcomes through intergenerational effects. The aggregation of intergenerational effects might also result in damaging externalities on individuals and households in segregated areas. Recent research suggests a great deal of persistence of ethnic segregation (see Borjas, 1997) .
Second, we posit negative neighborhood-wide effects through public goods externalities. Residential segregation is likely to hurt outcomes of the poor if the quality of neighborhood-specific public goods, such as schools or health centers, varies along segregated lines. Heterogeneous public goods and services will influence human capital formation and reinforce peer and parental effects. We propose to use available school and health district-level data on service performance to account for neighborhood differences.
Our hypotheses focus on individual, parental and neighborhood-wide mechanisms for human capital and labor market exclusion. Alternative specifications of the rural segregation measure and interactions with selected variables described above should provide a reliable estimate of the effects of residential segregation on income, labor and educational achievement outcomes. A shortcoming of our framework is that across-city estimates are likely to omit key parental and community characteristics. Intra-city comparisons will attempt to correct for these but will also fall short in capturing the externality effects of ethnicity-based segregation in non-segregated areas. Segregation is likely to hurt indigenous citizens regardless of their place of residence. We assume observed and unobserved individual characteristics of indigenous residents in mixed neighborhoods will pick up citywide externalities, but we cannot establish the extent of this effect.
Residential Segregation in Ten Bolivian Cities
This section considers the effect of residential segregation on income across ten Bolivian cities. We use available data from the MECOVI 1999 survey and construct residential segregation variables from 1976 and 1992 census-tract data. We attempt to control for self-selection and omitted variable bias with available data on labor insertion and parental ethnicity and schooling. We measure individual-level ethnicity in terms of selfidentification and neighborhood-level ethnicity through language spoken.
Data
The MECOVI (Mejoramiento de Encuestas de Condiciones de Vida) survey includes data from 3,800 households and 13,131 individuals collected in November/December 1999. The survey is nationally representative and also representative of highland, valley and lowland subregions. The survey includes expanded sections on ethnicity (language and self-identification) and demographic indicators. It also includes modules on health and morbidity, education, labor characteristics, labor and non-labor income, food and non-food expenditures, housing conditions, durable and non-durable assets as well as special modules on agricultural production and consumption in rural areas. The survey is designed to collect panel data on a yearly basis. Table 1 shows the distribution of residential segregation across Bolivian cities in 1992. The Duncan index presented in the last column measures the proportion of the population that would have to move from a segregated to a non-segregated neighborhood, for the population to be equally distributed within cities. The most segregated cities, according to the index, include the cities of La Paz, El Alto, Santa Cruz and Cochabamba, also the largest urban settlements in the country. 
Results
The data used in this section focus on urban households in nine departmental capitals and the city of El Alto. The analysis is based on 2,059 urban heads of household. Table 2 shows two OLS and one IV regressions. The first regression presents basic OLS results for a human capital specification. We find expected signs for education, experience, experience squared and sex. The second specification shows OLS results for an augmented human capital specification that includes the 1992 residential sorting proxy for segregation. We find that indigenous-language speakers are significantly worse off than non-indigenous speakers and that living in an indigenous neighborhood is negatively correlated with income. A third specification instruments for segregation with a measure of drought-induced settlement and adds an interaction term for individual and While the across-city specifications suggest initial negative effects of segregation on income, the MECOVI surveys do not allow us to test additional instrumental variables or control for potential omitted variables biases. In particular, we are unable to control for intergenerational human capital and social capital effects that may account for lagged effects on income generation. Table 3 tests two hypotheses on the causal mechanism behind peer effects in segregated neighborhoods. First, we consider the effects of residential segregation on migrant and non-migrant populations. We find that for migrants from birth, residential segregation has a smaller (when contrasted to non-migrants) but significant negative correlation with income. For five-year migrants, residential segregation is statistically insignificant. Both results bolster suggested by Cutler and Glaeser (1997) and Borjas (1995) that the effects of residential segregation work through intergenerational transmission of incomegenerating opportunities. For the ten cities studied, segregation conspires against income generation over a long period of time but has no significant impact in the short run.
Hypothesis Testing
Second, we consider the effects of segregation on different age groups. Our results are inconclusive. We do not find any significant differences between young and old age groups. We return to this hypothesis in the following section. 
Residential Segregation in La Paz and El Alto
This section considers the effects of intra-city residential segregation on income and educational achievement. In addition to self-selection and omitted variables biases faced in across-city analysis of residential segregation, intra-city estimates face the added problem of geographic mobility within a bounded metropolitan area. In order to control for all three problems we collect new data and focus on relatively young and non-mobile cohorts of the population.
Data
Our survey collects income, labor, human and social capital data from 801 households in 43 neighborhoods in the cities of La Paz (24 neighborhoods) and El Alto (19 neighborhoods). The sample is representative of the entire metropolitan area and is further stratified by high, average and low levels of ethnic-based residential segregation. 
Measures of Intra-City Segregation
Four measures of intra-city of segregation are used in the regressions. First, we use 1976 census residential sorting patterns, as described in Section 2 above. The 1976 data show a photograph of La Paz/El Alto previous to the wave of rural to urban migration that doubled the population in the intercensal period. The pre-migration data allow us to test whether longstanding residential segregation is systematically different from migrationinduced segregation. The 1976 data show a wide variation between neighborhoods. The average neighborhood had an Aymara-language speaking population of 74%, with a maximum of 100% and a minimum of 33%. Neighborhoods from the city of El Alto are noticeably more Aymara-speaking than in the city of La Paz. Second, we use 1992 census residential sorting patterns. The intercensal period is marked by rapid demographic growth, the creation of new neighborhoods and Aymara language loss. The average neighborhood in 1992 included an Aymara-speaking population of approximately 56%, 18 percentage points less than in the previous census period. The distribution of Aymara speakers across neighborhoods also decreases to a maximum of 81% and a minimum of 25%. Seven neighborhoods that did not exist in 1976 are included in the 1992 sample.
Third, we use demographic proxies for geographic segregation. Data on population density provides an instrument for geographic and topographical accidents that separate neighborhoods by mountain ravines, gorges and rivers in the La Paz/El Alto metropolitan area. We find highly dense areas in both high-income and low-income neighborhoods across the metropolitan area. Fourth, we use a shock-induced proxy for randomized Table 4 presents four specifications for the basic residential segregation model. The first specification presents basic OLS results using a 1992 residential sorting proxy for segregation. We find the expected signs for education, experience, experience squared and sex variables. We also find that Aymara speakers are significantly worse off than non-Aymara Speakers, and that living in an Aymara neighborhood is negatively correlated with income. Aymara-speakers who live in predominantly Aymara-speaking neighborhoods (Aymara*segregation) are significantly worse off then those who live in less segregated neighborhoods. The second specification partially controls for self-selection by instrumenting segregation with a historical measure of segregation from 1976. We find that the historical measure is even more significant than the present-day measure and exhibits the same signs. Individuals living in what was a highly segregated neighborhood in 1976 are significantly worse off than those living in a historically non-segregated neighborhood.
Aymara-speakers living in a 1976 segregated neighborhood are also significantly worseoff than those living in a historically non-segregated neighborhood. The 1976 segregation data provide a useful but limited instrument for present-day segregation. Historical segregation is likely to be correlated to historical income distribution that is behind the present-day self-selection problem. We test, therefore, for additional instruments of residential segregation.
The third specification instruments segregation with neighborhood level population density, a proxy of geographic segregation. In the La Paz/El Alto metropolitan area, population density is relatively spread out across high and low-income neighborhoods. We find that geographical segregation is negatively and significantly related to income. The fourth specification instruments segregation with a proxy for random residential settlement. Drought-induced migrants resided in 36 of 43 neighborhoods in the La Paz/El Alto metropolitan area. To the extent that drought migrants settled equally in high and low-income neighborhoods they provide an interesting control group against non-migrants. We find that migrants' residence in segregated neighborhoods is negatively and significantly correlated with income. We also include own and parental human and social capital variables that control for intergenerational endowments of income-generating skills and networks. We find that controlling for omitted variables confirms previous findings: residential segregation has a negative and significant effect on income. Table 5 shows results for three specifications on determinants of schooling. The first regression is a standard OLS specification. We find that income, parental education and being female are significantly and negatively correlated with schooling attainment. We further find that speaking Aymara and living in a segregated neighborhood are also significantly and negatively correlated to schooling attainment. The second specification instruments segregation with a historical measure of segregation. The significance of language segregation and historical segregation are slightly lower than in the OLS specification, but they are also negative and significant. Finally, a third specification instruments segregation with a proxy for randomized settlement. This specification also supports the results observed in the first two specifications. In each case, segregation is a significant barrier to schooling attainment, controlling for parental and own characteristics. 
Education Outcomes

Hypothesis Testing
In order to control for intra-city mobility and test hypotheses concerning positive and negative effects of residential segregation we run regressions on young and old cohorts and migrants and non-migrants. The basic rationale for dividing the sample by age and mobility is to analyze whether the negative link between segregation and income generation holds across different subgroups of the population, particularly those who
have not yet made the decision to reside in a certain neighborhood. We find two surprising results presented in Table 6 .
First, we find that residential segregation has a positive and significant effect on migrant income. The relationship reverses for second generation migrants and nonmigrants. We hypothesize that positive effect works through social capital networks established by recent migrants, which provide access to informal labor markets. As migrants settle, and the positive effects of informal networks wear out, the negative peer effects identified by Cutler and Glaeser, low levels of human capital and social networks linked to lower skilled labor markets, may reverse the impact of residential segregation over time.
Second, we find that ethnic-based residential segregation also has a positive effect on younger age groups (younger than 25 years old). The sign switches once we run the regression on older groups. As with the previous specification, we hypothesize that residential segregation might provide young workers with ethnic-based peer advantages over young workers from non-segregated neighborhoods. In addition, we find that parental schooling is strongly and positively correlated with young workers' income. By controlling for intergenerational human capital effects, we hope to isolate the net effect of residential segregation on the income-generating capacity of younger age groups. 
Research and Policy Implications
Although research on poverty and income distribution in Bolivia has reported differential wage effects between indigenous and non-indigenous households (see Chiswick, Patrinos and Hurst, 2000; Rivero and Jiménez 1999; Vos, Lee and Mejía, 1998; Pérez de Rada 1997; Fields et al., 1997; Jiménez and Yañez, 1997) , few studies have focused on the effects of residential or neighborhood segregation. In this study we consider the marginal effects of living in a segregated indigenous neighborhood for urban indigenous residents.
Three results stand out in the analysis. First, we find significant and negative effects on income generation in both across-city and intra-city comparisons. Second, we find individual and neighborhood-level interactions between ethnicity and segregation by ethnicity to be significantly and negatively correlated with income. Finally, we find positive "social capital effects" for migrants and young workers and "negative human capital effects" for second-generation migrants, non-migrants and older workers living in segregated neighborhoods.
Our analysis has aimed to test whether residential segregation has any measurable effect on income outcomes and to explore alternative causal mechanisms on how segregation results in costs and benefits for urban households. First, we find that residential ethnic segregation has a negative and significant effect on personal income.
To control for potential self-selection biases, we test this relationship with three types of instruments: a measure for historical residential sorting patterns, a proxy for geographic segregation and a proxy for randomized residential patterns. We find the three instruments to be significantly and negatively related to personal income. Second, we run three additional specifications on schooling attainment. We find parental education, household income and being female to be significant determinants of schooling attainment. We also find segregation, as measured by the OLS and IV specifications, to correlate negatively and significantly with schooling. In addition, we test the effect of potential omitted variables such as intergenerational human and social capital endowments and find significant positive effects of both on income and schooling attainment.
Second, we consider alternative explanations to account for these results. We find that residential segregation has a positive and significant effect on income for recent migrants and a negative and significant effect on second-generation migrants or nonmigrants. We posit a positive social capital effect to explain the beneficial effects of ethnic segregation for first-generation migrants who gain a foothold by moving to Aymara neighborhoods close to relatives and migrant peers. This advantage disappears over time as first-generation migrants either leave the neighborhood or stay and face negative peer effects. We also find that residential segregation has a positive and significant effect on younger age cohorts, particularly workers under the age of 25. We hypothesize that this might be explained by differences in labor force participation between poor and non-poor groups. Labor participation tends to be high for the poor, which might explain why the income gap lessens for young and older workers as a whole.
Both of these findings are premised on the possibility of controlling for self-selection, omitted variable bias and identification problems that might emerge from intra-city and across-city mobility. We believe a careful examination of the available data have allowed us to correct for the most important omitted variable and self-selection biases. From a research perspective, we believe the quantitative analysis reported in this study makes a substantial addition to a literature that has almost exclusively depended on sociological and anthropological evidence in the past.
From a policy perspective, the analysis of residential segregation provides insights into the current debate on Bolivia's shifting poverty profile. First, because the urban poor now outnumber the rural poor. As urbanization accelerates and the demographic profile changes, a window of opportunity arises to achieve gains in savings and productivity.
However, a growing and younger population requires complementary opportunities to insure productive insertion into labor markets. Among these, human capital, training and public services are key. Residential segregation may decrease opportunities for human capital development and lower the quality of public service access. The measurement of segregation effects will provide a yardstick to assess the costs of policy-induced segregation. Second, the analysis of residential segregation provides a policy handle on the more general problem of exclusion and discrimination. While social and political discrimination has been hard to identify, let alone address, residential segregation is amenable to an array of policy interventions including urban planning and development norms and school and health district mapping. Although this study aims primarily at getting the analysis right, we hope to contribute to a more informed policy debate through accurate and useful empirical work. 
